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INTRODUCTION 

Ever since the discovery of biologic forms of Puccinia graminis Pers. 
by Eriksson (5) ® there has been much speculation as to the degree of 
fixity of these forms. Eriksson (6, p. 6^7) expresses the opinion that, on 
account of host and climatic influences, the forms may gradually change. 
His conception of a biologic form is that it is the result of an adapta- 
tional tendency. Magnus (/j, p. seemed to be of the opinion that 
biologic forms are the result of association with the particular host plants 
which they attack. Dietel (4) and others held essentially similar views. 
In general these assumptions have been considered reasonable. 

Ward (22, 23), as sl result of exhaustive investigation of tlie brown rust 
of bromes Puccinia dispersa Krikss., concluded that biologic forms of 
this rust could be changed parasitically by association with the proper 
host plants. He found that, whereas it was often impossible to transfer 
the rust directly from one species of Bromus to another species, this* 
result could sometimes be accomplished by infecting a third species on 
which the rust acquired the capability of infecting the normally immune 
species. Such species he designated bridging species. His opinion 
appears to have been that taxonomic relationships among the species of 
Bromus were the determining factor. If, for example, the rust on a 
given species, A, could not be transferred directly to another species, C, 
it might be transferred to B, intermediate taxonomically between A and 
C. The species B then changed the rust sufliciently to enable it to infect 
C. Having once established itself on C, it was thenceforth capable of 

' On leave. 
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infecting it easily. Freeman (5) did similar work and came to the same 
conclusions. No attempt Jias yet been made to repeat the work of these 
investigators, but the writers have observed that some speeies of Bromus 
are hosts for most biologic forms of P. graminis. Bromus tectorum, for 
instance, can be infected by all the common forms of P. graminis in the 
United States. It is possible that the conditions of experimentation on 
which the idea of bridging is based were not rigid enough to exclude all 
possibility of working with a mixture of biologic forms. On the other 
hand, it is quite possible that the brown rust of bromes with which 
Ward and Freeman worked was an unstable, easily changed form. 

Salmon (i6) added considerable evidence to the concept of the efficacy 
of bridging hosts in widening the host range of biologic forms by his 
experiments with Erys^phe graminis DC. on various sppqjg^^f Bromus. 

Freeman and Johnson (9) applied the principle of bridging hosts to 
P. graminis. They state (p. 20) that— 

The barley stem rust enjoys the widest range of any of the biologic forms of the 
cereal rusts. On the other hand, a Uansfer of any of the other stem rusts to barley 
widens the range of that rust. We have here, then, a decided reaction of host upon 
parasite, enabling the latter to adapt itself to hosts not ordinarily congenial; for 
instance, W >B > 0 . 

Johnson (rr, p. 10) obtained similar results with timothy rust. He 
states — 

A small number of experiments to test whether or not the timothy rust can he 
transferred by means of bridging hosts to various cereals which are not successfully 
infected directly from timothy were tried, and it was found that by using Avem satm 
as a bridging host the rust easily transferred to Hordeum vuigare (4 times in 10 trials); 
and by using Festuca cJaiicr it transferred to Hordrum vuigare (twice in 10 trials) and 
to Tritkum vuigare (once in 10 trials); and by using Dactylis glomerala it transferred 
to Triticum vuigare (once in 5 utals). By the u.se of the bridging hosts the rust im- 
doubtedly could be made to Uansfer to many graases on which it will not grow when 
coming directly from timothy, but on which it might continue to grow after such a 
transfer. That this takes place to some extent in nature is very probable, and these 
trials, together with recent experiments of a similar nature on the rusts of grains, 
throw much light on the possible origin of many of the so-called “physiological 
species” of rust. 

Pole Kvans (7) stated lhat hybrid wheats could also act as bridgin? 
hosts, enabling P. graminis to infect the susceptible parent more vigor- 
ously and even to attack the highly resistant or almost immune parent. 
Biffen (2), however, obtained no evidence of such remarkable changes. 

Arthur (r, p. 227-228) cited evidence to show that barberry {Bcrlnns 
spp.) may also act as a bridging host, enabling “racial strains” of Pk- 
cima poculiformis Qacq.) Wettst. (=P. graminis Pers.) to increase 
their range of infection capabilities. Bollcy and Pritchard (3) and others 
attributed to barberry a “reinvigorating function” for the rust, although 
not necessarily a bridging function. 
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On account of the weight of the above-cited evidence the role of bridg- 
ing hosts in breaking down biologic-form specialization has been given 
fairly general credence. 

But Eriksson (5), jaezewski (jo), Freeman and Johnson (9) and Stak- 
inan (/<?) could detect no clearly appreciable influence of barberry on the 
parasitism of biologic forms of stemmst. Stakman (iS), Stakman and 
Jensen (19), and Stakman and Piemeisel (20I, in rather limited experi- 
ments, could not duplicate the results of Freeman and Johnson with P. 
graminis nor those of Johnson with P. graminis pkleipratcnsis (=P. 
phlcipratensis). Stakman (18), however, obtained results indicating that 
possibly changing the host metabolism by the use of anesthetics and fer- 
tilizers might increase the parasitic capabilities of the rust slightly, thus 
giving some support to the work of previous investigators (r^, ig, rj, 17) 
along similar lines. 

On account of the undoubted theoretical and practical importance of 
the problem it seemed desirable to make extensive experiments with a 
number of forms of rust from different hosts from different regions. 
Work was therefore begun in the summer of 1914 and continued unin- 
terruptedly since that time. 

Although there was already considerable evidence on the question of 
the effect of barberry on the rusts, it seemed desirable to do still further 
work. An attempt was therefore made to determine the possible role of 
barberry as a bridging host and also to determine its possible effect as a 
reinvigorator of the rust. 

Material was obtained from as many different sources as possible for 
the work with cereals and grasses as intermediaries or bridging hosts. 
While much of the work with so many different strains might appear to 
be superfluous, nevertheless there has been some idea that strains of the 
same biologic form might differ somewhat parasitically. Naturally, 
therefore, it would be desirable to get data on as many different strains as 
possible. 

Most of the work was done with the Iritici and secalis forms because 
they are the most important economically in the spring-wheat Slates and 
because theoretically it seems probable that bridging should take place 
tvith these two forms on account of the close similarity' of the nists to each 
other in many respects. It has already been pointed out by the writers 
(21) that the tritici and sccaJis forms have many hosts in common 
Thus, barley, various species of Elymus, Ilystrix, Hordeum, and Agro- 
pyroE are about equally congenial hosts for both nist forms. It would 
seem that if the idea of bridging is well founded, and if the host plants 
actually do exert a distinct and permanent effect on the rusts, these com- 
mon hosts ought to unify rust strains which are grown on them. 

Barley (Hordeum spp.) was used more than any of the other forms in 
, attempted bridging on account of the fact that Freeman and Johnson 
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(9) found that it exerted such a pronounced effect on the rust, enabling 
any biologic form to increase its host range. The grasses were also used 
to a considerable extent, because both biologic forms of the rusts men- 
tioned are so often found associated on them in the field. If rust changes 
rapidly, therefore, as a result of host influence, it would seem that the 
wheat stemrust and rye stemrust, growing on any one of these hosts for 
a number of iirediniospore generations in the field, ought gradually to 
acquire the same parasitic capabilities. 

The Agropyrons are especially interesting because the tritici form is 
able to attack some of them virulently (A. fenerum and A. smitkii), 
while it can attack others, such as Agropyron repens, weakly or not at all. 
Here, then, there should be an opportunity to test the theory that tax- 
onomic relationship determines the ability of the rust to pass from one 
host plant to another. If the stemrust of wheat {Triticum spp.) 
can not be transferred directly to A. repens, but can be developed nor- 
mally on A. tenerum which is obviously more closely related to A. repens 
than to wheat, theoretically the rust should be able to pass from wheat 
to A. repens after it had first been transferred to A. tenerum or some other 
species of Agropyron closely related to A. repens. 

Another problem is presented when a biologic form can attack a host 
plant weakly. If the theory of bridging hosts is a fact, certainly the rust 
must be easily changed by the host plants. Assuming, then, that in- 
dividual plants of a given species vary in their susceptibility to the rust, 
it ought to be possible to increase the virulence of the rust on that par- 
ticular host plant by successive inoculations with spores from the most 
vigorous uredinia. Or it ought even to be possible to increase the viru- 
lence of the rust by constant association with the uncongenial host. 
Rye is especially favorable for study in this respect. Individual rye 
plants vary very greatly in their susceptibility to P. graminis tritki. 
Some are entirely immune, others are almost immune, others are mod- 
erately susceptible, and still others are quite susceptible. Experiments 
were made to determine whether the rust from the susceptible plants 
when transferred to other rye plants could attack rye with greater viru- 
lence; also, whether it was possible to increase the virulence by simply 
transferring for a number of successive generations to rye. Similar con- 
ditions obtain when barley is inoculated with the phleipratensis, avenae, 
and agrastis strains, and experiments were made with other forms also. 

As indicated in the historical summary, there seemed to be some evi- 
dence that changing the metabolism of the host might materially affect 
the parasitic capabilities of the rust. The writers therefore under- 
took further experiments along this line. The results of these experi- 
ments will be given in a separate paper not yet published. 

If the biologic forms of P. graminis are easily changed, it seems rea- 
sonable to suppose, as previous experiments seem to have demonstrated 
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in a preliminaTy way, that this change brought about by a host plant 
should be manifested, not only in the parasitic capabilities of the rust, 
but also in the morphology. Extensive work was therefore done on 
this phase of the problem, and the results will be presented in a separate 

EXPERIMENTAL METHODS 

The methods used in inoculating and incubating the plants were 
similar to those described by Stalcman and Piemeisel (21, p. gji-gys). 
On account of the fact that conclusions would be difficult to draw unless 
the experimental methods excluded to the greatest extent possible 
accidental infection, the utmost precautions were taken to prevent 
accidental infection. This is rather difficult when working under the 
conditions necessary in such an investigation. Unfortunately the 
pure-culture methods of bacteriology and mycology can not be success- 
fully employed for rusts. However, it is possible to reduce the number 
of accidental infections to a very small minimum. 

The seedling plants used in the experiments were grown under cages 
made of two layers of fine-mesh muslin separated by a dead-air space 
about an inch wide. Immediately after inoculation they were placed 
under bell jars, and as soon as the incubation period was over they were 
again placed under cages similar to those under which the seedling 
plants were grown. 

Every precaution was taken to prevent infection from the outside 
by air-bome spores and to destroy all infected material as soon as 
possible. When accidental infection did take place, it could practically 
always be detemiiiied with certainty, although in a few cases it was not 
possible to do this. When, for instance, a leaf of wheat, as very rarely 
indeed happened, developed a normal rust utedinium as a result of- 
inoculations with P. graininif secalis from rye, and when the spores in 
the uredinium morphologically and parasitically were in every way 
typical of P. graminis triiici spores, it seemed more reasonable to assume 
that accidental infection had taken place than to assume that bridging 
had occurred or that the rust had mutated. This coiiserr-atism in 
interpreting results seemed to be especially necessary when such a 
tremendous preponderance of evidence accumulated showing that 
bridging and mutations did not occur. 

It was soon found also that the greatest precaution was necessary in 
being absolutely certain that the biologic form in use in a given e.xperi- 
ment was absolutely pure before the results could be clearly interpreted. 
In making inoculations from barley and rye and many grasses from the 
field, both the Iriiici and secalis forms develop quite often. It is possible 
to ipoculate all of the cereals and to obtain results which seem to show 
that only one biologic fomi is present, then to inoculate one of the 
common hosts for both forms, and then to find that a very small amount 
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of the other biologic form had been present on the original material, 
but was only given an opportunity to develop as a result of one or more 

transfers to the common host. 

In experiments covering only a short period of time and with a small 
number of forms it might easily be concluded that bridging had occurred. 
The danger of drawing such conclusions, however, is clearly shown in 
diagrams i to 4, inclusive. Many cases of apparent bridging were seen, 
but in every case, with possibly one or two exceptions, it could be shown 
conclusively that this was due to the fact that more tlian one biologic 
form had been used. 

The cereals used were the following, unless otherwise specified: Oats, 
Improved Ligowa (Minnesota 281); barley, Manchuria (Minnesota 
105); wheat, Haynes Bluestem (Minnesota 169); rye, Swedish (Minne- 
sota 2). Most of the grass seeds used were obtained by or through the 
Miimesota Seed laboratory. 

KEV TO TABLES I AND II AND DIAGRAMS I TO ID 

The results of experimenls to determine the effect of bridging hosts on the para- 
sitism of the rust forms are given in Tables I and II and diagram's i to 10, Ifte results 
of inocuiations are usually given in the form of a fraction . the denominator indicating 
the total number of leaves inoculated and the numerator the number which developed 
uredinia. Whenever the presence of flecks is indicated, the number of leaves flecked 
is given after the semicolon following the fraction. Two types of diagrams arc used- 
complete and condensed. Wheat, oats, barley, and rye are designated as W, 0 , B, 
and R, respectively. The names of Ihe grasses are either bitten out m full or the 
key to the abbreviations is given in connection with each diagram. The sequence of 
transfers is indicated by dashes, proceeding from left to right. All of the plants indi- 
cated in the same vertical line after a dash were inoculated with the rust from the 
host immediately preceding the dash. Not all of the inoculations are indicated, since 
this would require altogether too much space. The essential ones, however, are 
indicated in the so-called complete diagrams, while summaries only are given in the 
condensed diagrams'. 

In the condensed diagrams the small number immediately following the symbol 
for cereal hosts or the names of the grass hosts indicates the number of uredimospore 
generations on that particular host. The fraction in parentheses indicates the tesulv 
of inoculations which have been made during that period. The denominator gives 
the total number of plants inoculated and the numerator the number which became 
iufected. The number of sets of inoculations is not indicated. Usually, although 
not always, the immune or highly resistant host was inoculated each uredmiospore 
generation. For instance, "Rj— B,— Efymur mmdensis," indicates that two yit- 
cessi re transfers had been made to rye followed by four successive transfers to barley 
and five to Elymus camidemis. These arc spoken of as urediniospore generati^s. 
The transfers were usually made at intervals of approximately two weeks, so tlia 

each urediniospore generation represents about that length of time. R. (wheat 

B. (wheat ^ ) — Elymus canadensisi (wheat —)' ' means that during the two gener. 

tions on rye 50 leaves of wheat were inoculated, none of which became infected 
One of the inoculations was probably made the first generation and the o icr 
second generation. The rust was then Uansferred to barley and kept there tor 0 
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generations, during which 25 leaves of wheat were inoculated, none of which became 
infected. Usually this includes trials from most of the generations. The rust was 
then kept cm Elymus canadeyisis for five generations, during which 35 leaves of wheat 

were inoculated without producing infection. "Ri— (wheat — )” would indi- 

30 

cate that from the rust on barley 30 leaves of wheat had been inoculated, but none had 
been inoculated directly from rye. 

When '■strains”ofnist are spoken of, the word is used in the sense of a biologic form 
witli a certain history without any imputation that it is in any W'ay different from a 
normal form. 

The terms intermediary host and bridging host” or "bridging species” are 
used in the theoretical sense that is, hosts which apparently ought to cau^ bridging 
arc spoken of as bridging hosts without any suggestion that they actually do cause 
bridging. The term "common host” is sometimes used. This means a plant which 
is a host for the biologic forms under discussion at that particular time. 

EXPERIMENTS WITH BARBERRY AS A BRIDGING HOST 

To test the ability of barberry to break down biologic forms and its 
capacity for “rcinvigorating” the rust parasite, inoculation experiments 
were carried on during four aecial seasons. The teliospores were obtained 
from wheat, club wheat, oats and a few grasses. The common barberrv 
{Berberis vulgaris) was used as the cecial host, and the aeciospores pro- 
duced were used for inoculating wheat, oats, barley, and rye. Four 
biologic forms of P. graminis — viz, iritici, tritici-compacH, avenae, and 
secalis were studied and the results obtained arc given in Table I. 

Table I . — Results of inocuhiling cereals with (tciospotes of biologic for-ms of Puccinia 
graminis 
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Barberry probably does not increase the host range of biologic forms 
commonly. If it did, Jeciospores collected in the field ought to infect 
cereals and grasses more indiscriminately than they do. On the other 
hand, the biologic specialization in the aecial stage is apparently the same 
as that in the uredinial stage. The percentage of infected leaves was 
often low, but this is often true when inoculations are made with $cio- 
spores. All of the results recorded in Table 1, except No. i6, might 
equally well have been the result of inoculations with urediniospores, 
except that a larger percentage of inoculated leaves would ha\'e been 
infected. 

The results shown in No. i6 can not be explained, unless accidental 
infection took place. The grass was collected in the fall and kept until 
the next July. The barberry had been kept in the greenhouse under a 
double muslin cage until inoculated and was again covered immediately 
after removal from the incubating chamber. Three biologic forms 
developed on the barberry; how they got there can not be stated with 
certainty. 

EXPERIMENTS WITH CEREALS AND GRASSES AS BRIDGING HOSTS 

Many hosts equally susceptible to P. graminis secalis and P. graminii 
tritici were used as bridging hosts in attempts to change the jjarasitisin 
of the two forms. Barley, various species of Elymus, Agropyroii, 
Hordeum, and Bromus were used most. Bromus tectorum was used as 
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a possible bridging host for P. graminis aveme. Special care was taken 
to isolate the biologic forms whenever they were mixed, in order to 
avoid conflicting results and erroneous conclusions. The results of this 
phase of the work which extended for a period of over three years are 
given in diagrams i to 10 and in Table II. 

It might have been concluded from the results shown in diagram i that 
barley acted as a bridge between Agropyron repens and wheat. It is 
shown quite clearly, however, by subsequent inoculations that it did not. 
The rust on the original quack-grass no doubt was mostly of the secalis 
form. It had probably been contaminated slightly in the field with some 
of the iritici form. Since there was only a small amount of the latter 
form, none developed on the wheat in the original inoculations. A very 
small amount developed on rye and more developed on barley. There- 
fore, when inoculations were made with the rust from barley, both the 
tritki and secalis forms were present, but they were separated in the third 
set of inoculations. A more complicated condition is shown in diagram 2. 

DiAGRArd I. — Results of inoculations with Puccinia graminis from Agropyron, repens 
showing apparent bridging before biologic forms were isolated. 
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In diagram 2 both wheat and rye became infected when inoculated 
with the rust from Hordeum jubalum. The rust developed on wheat 
proved to be a pure strain of trUici. That developed on rye, however, 
consisted of both the tritici and secalis forms. Very clearly the original 
rust on Hordeum jubatum was a mixture of the iriiici and secalis forms. 
The tritici form was isolated in pure form by transferring to wheat on 
which the secalis form did not develop. But the first generation of thr 
rust on rye was still mixed, since tritici develops weakly on rye. Appar- 
ently the second generation of the rust on rye was pure secalis, since it 
did not develop on wheat, the leaves of which, however, died younj. 
But, after having passed four generations on barley, the rust infected 
wheat normally and infected rye only weakly. This clearly looked like 
bridging. The more probable explanation, however, is that both the 
secalis and tritici forms again developed the second generation on rye. 
Since the wheat plants died young, the negative results recorded are not 
significant. 

In the subsequent inoculations both secalis and tritici probably devel- 
oped on barley, since a high percentage of inoculated leaves of Agropyron 
repens became infected- The secalis form, however, was eventually lost. 
This- may have happened in two ways. The tritici form may have 
developed more rapidly than the secalis; or material from the leaves 
infected with secalis may not have been used in making inoculations 
It is quite probable that if rye had been inoculated earlier both forms 
would have been isolated. 

From the K,— W, material both biologic forms were isolated- This 
was puzzling at first, because wheat is not a host for the secalis form, 
The only plausible explanation seemed to be that spores of both biologic 
forms were placed on the wheat during inoculation and not all germinated 
in the moist chamber. A few viable secalis spores therefore remained 
on the wheat, and when these were transferred to rye, they germinated, 
causing infection. In order to ascertain whether this was possible, 
wheat was inoculated with the secalis form, kept in a moist chamber for 
48 hours, and then kept on a greenhouse bench for about 10 days. Xo 
rust developed, but the inoculum was scraped from the leaves and used 
to inoculate rye plants. Infection resulted on a relatively large number 
of leaves, showing that the theoretical explanation advanced above was 
probably correct. These facts show that extreme caution is necessary 
in drawing conclusions w'hen dealing with mixed forms of rust. 

The most convincing proof that the rust forms, after isolation in pure 
form, could not be changed by host infiuences is furnished by the subse- 
quent history given in diagram 2, The tritici form did not acquire new 
parasitic ability on account of its association with barley; nor did it 
increase in virulence on rye as a result of successive transfers. It will b 
noted that repeated unsuccessful attempts were made to develop a 
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t)iAGRAM 2 . — Results of inocuhiions with Puccinia graminis irUia 
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DiAORAM 3.— Results Of inocululions with Paccuia gmmmis from Agropyroa smilhii. Mandau, 
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strain capable of attacl^ing rye 
normally. Diagram 2 shows 
also that the susceptible species 
of Agropyron used did not act 
as bridges to normally immune 
species of this genus. The rust 
was kept on barley for over a 
year, but it proved to be en- 
tirely stable and was therefore 
discarded. The secalis form 
likewise remained fixed after it 
was isolated and attacked its 
regular hosts vigorously, but 
could not be transferred to 
wheat or other normally im- 
mune hosts, a large number of 
which w^ere inoculated, but the 
results of which are not given in 
the diagram for want of space. 

Erroneous conclusions might 
^ easily have been drawn from 
•| the results shown in diagram 3 
S if the inoculations had not been 
I extensive. Here, again, the 
- original rust was a mixture con- 
sisting mainly of the tritici 
form but including also a small 
amount of sccalis. Viable 
spores of secalis were again 
carried through the moist 
chamber, and these infected 
barley, thus accounting for the 
later events. The secalis form 
was kept for about five months, 
i I but did not change. 
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The original rust was mixed here (diagram 4) also, and only after six 
successive sets of inoculations had been made were the iriiici and secalis 
forms finally separated. Neither barley nor Agropyron ienerum acted as 
bridging hosts for the iriiici form. The secalis form likewise remained 
;^ed and did not acquire the ability to attack wheat after growing on 
either barley or Agropyron ienerum. 


Diagram 5 (condensed ). — Results of inoculations made -with Puccinia graminis secalis 
from Hystrix patula. 


pftcdnia grantinis ttealii 
from Hystrix patuia.St. 
Paul, Minn., Septem- 
bers. 1915- 




At= Agropyron repms. 
At"" Agropyron Unttum. 


j At.-Hi.-(w^,) 

i September n, 1917, 
}ii’"Horcftunt Juiialun. 

Ev— Elymus tirginicus. 


The strain of P. graminis secalis from Hystrix patula was somewhat 
different from normal secalis strains (diagram 5). It was not as virulent 
on barley and rye, and the spores were somewhat smaller. Attempts 
were made to induce the rust to attack wheat by growing it on barley, 
Elymus ■virginicus, Agropyron- Ienerum^ and Hordeum jubalum. None, 
however, acted as a bridge. The rust was kept for over two years, 
during which 18 sets of inoculations were made on wheat; but none of 
the .105 inoculated leaves became infected, except in one case, which was 
quite evidently an accidental infection with P. graminis iritici. How- 
ever, the rust did not act normally and may have been a different biologic 
form. Some of the results were difficult to explain, and more work will 
probably be done with it. 
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This strain of P. graminis secalis was obtained (diagram 6) from 
Agropyron repens at St. Paul, Minn., on October 15, 1914, and was kept 
until October 15, 1917. It was confined to intermediary hosts for three 
years, during which time about 60 different sets of inoculations were made 
on wheat. About i ,800 leaves were inoculated, some of which are not re- 
corded in diagram 6, and only six became infected. There is strong reason 
to suspect that these were accidentally infected with the tritki form, all 
occurring during the eariier period of work. Barley, Elymm robudus, 
E. canadensis, E. virginkus, Agropyrm tenerum, and Ilordeum jubatum 
were all used as intermediary or bridging hosts, but none of them enabled 
the rust to transfer to wheat, which remained practically immune 
throughout the entire period. Flecks very seldom developed. Since 
these hosts, which ought to act as bridging hosts, if any hosts act in this 
manner, did not enable the rust to transfer to wheat after three years of 
continuous culture, it seems quite improbable that such a change would 
take place quickly in nature. 

In Table 11 a number of miscellaneous experiments are included. 
The most conclusive is No. i, in which the secalis strain was kept 
continuously on barley for 16 successive urediniospore generations, 
covering a period of eight months. During this time 1 1 sets of inocula- 
tions were made on wheat, but none of the 264 leaves inoculated became 
infected, except one, which was very clearly shown to be accidental. 
In all of the other trials with the other strains of rust no infection what- 
ever resulted on the wheat. It is quite clear, then, that under the con- 
ditions of these experiments neither barley nor Elymus robushis enabled 
the mst to bridge over to the normally immune wheat. This result could 
hardly be expected, because if such changes did take place in nature the bi- 
ologic forms isolated from these hosts could not be as uniform as they are. 

The last two experiments (No. 6 and 7), on the other hand, show the 
inability of barley to serve as a bridging host for the Irilici strain, or to 
induce this rust to infect rye more vigorously than it ordinarily does. 


T.rnLS IT. Results of attempts to tranter Puccinia graminis 
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The rust from the Bordeum j-ubatum in this series (diagram 7) consisted 
originally of both the Iritici and secalis forms. However, they were easily 
separated and remained fixed after separation. The secalis strain was 
Jjept only for a short time, since it proved to be an ordinary strain 
which failed to attack wheat either when transferred directly from rye 
or after having been transferred to barley. The tritici strain, however, 
was kept for some time in the expectation that it might be induced to 
attack rye more vigorously. Barley was used almost exclusively as a 
bridging host, but it is perfectly clear that it did not enable the rust 
to attack rye any mote vigorously than the rust taken directly from 
wheat. Neither did it acquire the power to attack Agropyron repens, 
Daciylis glemeraia, oats, or Phleum pralense any more readily than the 
rust taken directly from the wheat. It should be remembered that rye 
and Agropyron repens can often be attacked weakly by the tritici form, 
while oats and Daciylis glomerala are very rarely .attacked, and timothy 
has so far proved entirely immune. One attempt was made to use 
Bromus tectorum as a bridging host, but it did not enable the rust to 
transfer to rye, In fact, no uredinia were developed, only a few strong 
flecks. 

78776° — 18 a 
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The strain of tritici used for the inoculations represented in diagram 8 
was originally obtained from Agropyron tenerum at Valley City, N. Dak. 
It was one of the most vigorous tritici strains which has been obtained, 
but it was incapable of attacking rye, Agropyron repens, or oats with 
any degree of success, after having been kept on barley for a number of 
generations. The rust ‘transferred readily to Bromus tectorum and was 
transferred from this host again to Bromus tectorum and B. hordeaceus, 
but it acquired no new power as a result of its sojourn on B. tectorum. 
Elymus virginicus was used in an attempt to get the rust to transfer to 
Agropyron repens but without success, only one small uredinium develop- 
ing on one of the 31 inoculated leaves. Agropyron smiihii, which is a 
congenial host, was inoculated and transfers then made to Agropyron 
repens in order to further test the taxonomic relationship theory. The 
results, however, were disappointing. Successive transfers were made to 
rye with urediniospores from a large uredinium which developed in one 
set of inoculations, but the rust died after three successive inoculations 
had been made. 
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The iriiici strain used in this series of inoculations (diagram 9) was 
isolated originally from Hordevm juhatum at St. Paul, Minn., on Septem- 
ber 29, 19 ^ 4 ) kept in urcdinial culture until June 15, 1917. 

Barley, Elymus canadensis, Bromus teclorum, and Hordeum jubatum 
were all used as intermediary hosts, but none of them enabled the rust 
to do anything which it could not do at the beginning of the experiment. 
The results of inoculations with the rust developed on Bromus tectorum 
are particularly interesting, since this grass is a host for the six common 
biologic forms of P. graminis in the United States. Theoretically when 
the tritici form was transferred to it, since it is a congenial host also for 
the secalis and avenae strains, it should have transferred to rye and oats. 
However, it did not. 


Diagram 10.— Results of inocul.nions witli Puccinia graminis avenae from Dactylis 
gioirurata. 

n-l' 


i 36 


Pwrinia avenoi from Da<tylis 

thmerata, tit. Paul, Minn., Aus. a. t9t4. 


Bromus Uclorvm y—' 


Bromus UcUffum ^ “ 1 


Oi — Bromus leclorum 


• Mittule uetjinia- 


. Bromus hotdeaceus ' 
I 

j Bromus erectus-^ 
June 14, 1917. 


The avenae strain represented in diagram lo was isolated originaHy 
from Dactylis glomerata at St. Panl, Minn. It has been kept on oats for 
about three years. A large number of inoculations were made on various 
hosts during that time, but it has never performed differently from the 
rust on Dactylis glomerata. Bromus tectorum was used as a bridge in 
attempts to induce the rust to pass more readily to barley and rye, 
since it is a host for both the iriiici and secalis forms as well as for the 
avenae form, but it is clear that it did not do this. The uredinia developed 
on barley were minute, and the percentage of infection was no greater 
than that which is obtained from transfers made directlv from oats or 
any other host for the o-iJenae form, a large number of which have been tried. 


experiments on the adaption of biologic forms to sicmi- 

CONGENIAL HOSTS 

In order to determine whether or not biologic forms are capable of 
adapting themselves to semicongenial hosts through constant as^da- 
tion, many attempts were made to increase the virulence of the rusts on 
these hosts by means of continuous, successive transfers. The biologic 
forms of P. graminis tritici, P. graminis avenae, P. graminis phleipra- 
knsis, and P. graminis agrostis were studied and the results are given in. 
Tables III to VI, iudusive. 
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Table III .— of successive tranters of Puccinia grdminis tritici from various 
sources to rye 


Original host. 

Place o( coIkctkiQ. 

Previous history ol 
rust. 

Result. 

Agropyron wnmnwi. . 

Emerson. Manitoba. 

Wi 

R-^: m-R^: J-R-; j-R® 

38 9 *3 j 

Agropyron cristalunt. 

St. Paul. Minn 

B« — Wt— B ». . .7 

R^-R~-R.— -R-> --Ri. 

30 7 5 i 4 j 

Aaropyrcm Unerum . . 

Valley City, N. Dak. 

B» 


Be 


Bi» 

Ri; 5-K~. 

Do 

Emerson. Manitoba. 

Wi 

Ej: ,-Ri .. 

Do 

Glasgow, Mont 

Wi 

Ri.: 6-R-: s-R- 
3$ J7 ’ a 





Do 

Crookston, Minn 

Wi 

R— ;ji— R~i tp— R— ;s--R~-R - 
30 51 >0 5 1 

Elymus nactntnii. . .. 

Winnipeg, Manitoba 

Wi 


Herdeu mjuialum... 

Two Harbors, Mina . 

Wi 

Ri ,-r-L; 8 .r| 

Do 

Grand Rapids, Minn. 

Wi 

R— ; 6-R-: 6-R~i 19-R-I 1 

39 3t 31 13 

Do 

Minot, N. Dak 

Wi 

R-; t-R- 
tt I 

Do 

Cut Bank. Mont. . . 

Wi 

R-; 11- R-; :-R--R-;i-R~ 
34 50 5 4 5 

Do 

WillistOTi. N.Dak. .. 

W'l 


Do 

Emerson. Manitoba. 

Wi 

4'’ •■->‘7 

Do 

Moorehead, Minn. . . 

R«-Bi-Ri-Wi 


Do 

do 

Rj—Bt— Ri— Wi— Bi . 

Iii-R--R"R--R7 

26 19 (• * 3 

Do 

do 

Ri— B4— Ri— W'j— Bi. 

r”-R--R-; 4-R-^-R' 

33 20 11 ' 24 5 

Do 

do 

R*-- Bi-Ri-Wi-Es. 

R~: 9-R-i 2 -r|: 3-R7 

79 ^ 1 6 " 2 

Herdeum vulgart 

5t. ^ul, Minn 

B» 

rI; 9 -r-: q-r-: 4 -r- 
21 22 10 } 

Do 

do. 

Wi 

R-^’ 77— R“’ 12-R-r 

28 2S » 

Do 

• 


W^B 

R-; 4-R- 
13 4 

Do 

do 

W.' 

R --R~ 

7 3 


ix=»Lons-tiiDe ftssociatim with host; oiunber ol urcJiniospore generations indefinite. 
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In Table III the results of a lat^je number of attempts to increase the 
virulence of the iritici strain on rye by means of constant association 
with this host are given. It will be noticed that the rust was obtained 
from a number of different sources and from a number of different 
localities. The experiments covered a period of about three years. 
Whenever normal infection occurred on a rye plant the rust was trans- 
ferred to other rye plants in the hope that it might prove to be a mutation 
or a tendency toward the differentiation of a strain of triiici capable of 
infecting ryp normally. It will be seen, however, that this was not 
accomplished. The rust invariably gradually died out. Sometimes it 
seemed to increase in virulence as a result of successive transfers, often 
due to the abundance of infective material. At other times it apparently 
increased in virulence, owing merely to a change in experimental con- 
ditions. In several trials the rust had previously been on intermediar>' 
hosts for a number of generations, but this made no difference in the 
results. It so happened that some of the best results were obtained 
when the rust was taken directly from wheat. It was never possible 
to keep the rust on rye more than six generations. It simply became 
unthrifty and eventually failed to produce any uredinia, although 
excellent conditions for infection and subsequent development of rust 
were maintained. 


TablR IV. — Results of attempts to increase the virulence of Puccinia graminis aveme 
by successive Iranifers to uncongenial hosts 


Xo. 

Original host. 

Place o{ collection. 

Previous 
history 
of rust. 

Result. 


Dactylic glomeraia. .. . 

vSt. Paul, Minn. . . 

O-s 

b’-b ° 



24 3 


Panicularia 

WTiitefish, Mont. . 

Oi 

12 0 

B B- 



14 24 


Do 


Oi-Dg, 

Ph pr^-P!i p 4 





Dactylis glomeraia. .. . 

St. Paul, Minn. , . 

O5 

5 -Bt°- 



10 14 I-’ 4 


Uctorum. 

De— Dactylis ghmuraia. 

Ph pT=Pblcum pratense. 


The avenae strains used in the inoculations represented in Table IV 
were not able to develop increased vimlence as a result of successive 
transfers on barley, Phleum pratense, or Bromtis ketorum. The^ rust 
was kept on B. ketorum longer because this host is the most congenial 
of the three. However, it gradually died. 
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Table V. Results of successive transfers of Puccinia graminis phJeipratensis to barky 

and oats 


No. I 

Original host. 

Place collec- 
tion. 

previous 
history 
of rust. 

Result. 

1 

IFestiica ela- 
{ tior. 

Sheridan, 

Wyo. 

|None 

ok' 't-o’s-or 

a 

3 




Bfjl r 6 -B 2 ; s 

Do 

J Bellingham, 

\ Wash. 

.do 

4 : 

jFesiuca pra- 
1 iensis. 

r 

Pu 1 1 m an , 
Wash. 

|. .do 

1 r 

20 14 03 

5 

'(PhUum- pra- 
\ tense. 

1 do 

r 

. . .do 

13 ” 9 3 6 


Do 

JEllensburg, 

\ Wash. 

\..do 

t8 „ 0 

B B— ; 2 

31 20' 



1 

7 

Da 

/Crawford, 

\ Nebr. 

|. -do 


8 

jD ae t y It s 
\ glomerata. 

St. Paul, 
Minn. 

}ph pr,. 











lO 









Pli Qt=‘PhUu>n pratense. 


In Table V the results of attempts to build up Puccinia gramms 
pUeipratensis from various sources on barley and oats are given. It is 
possible to maintain the rust for considerable periods of time, both on 
oats and barley, but the writers have never been able to keep it 
indefinitely. The number of uredinia became smaller, usually with 
each successive transfer, and the individual uredinia quite often decreased 
in size. Eventually so few spores are produced that only one or two 
leaves can be inoculated and these then fail to become infected. 
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Table VI - — of succestive transfers of Puccinia graminis agrostis io barley, oats, 
and rye 


N-o.} 

Oriemal host. 

^ Place oi c(dkctLon. 

Result. 

I 

Agrostis alba 

St. Paul, Minn 

0821 0 

B— B— 2— B- 
16 13 12 7 ' 3 

2 

Do 


6 0 

3 

Agrostis stolonifera 


oA_o^-o^- 

22 15 7 

4 

1 

Do ! 


R--R- 
25 4 


As seen from Table VI, P. graminis agrostis transfers with difficulty to 
barley, oats, and rye. The uredinia are always few in number and are 
practically always very small. It was impossible to increase the 
virulence of this rust by successive transfers to any of those hosts, 
although not a great number of experiments were made 

GENERAL DISCUSSION 

From the foregoing results it seems perfectly safe to conclude that if 
bridging and adaptation do occur, they occur rarely. Although all of 
the possibilities have not been exhausted it would seem that the experi- 
ments have been extensive enough practically to eliminate any idea of 
the possibility of sudden or even gradual changes in the rust under 
experimental conditions. Furthermore, as a result of extensive inocula- 
tions with biologic forms of P. graminis from a large number of hosts 
from widely separated localities (27), it seems that observational evi- 
dence corroborates the experimental evidence which the writers have 
obtained. The biologic forms obtained have, remained pure and fixed 
after having once been isolated. It is true that when experiments are 
carried on for a short period of time only, there may appear to be 
distinct differences in the different strains of the same biologic form, 
but when the experiments are carried over a period of years it becomes 
quite evident that these differences are often due to experimental 
conditions. It seems quite probable that plus and minus fluctuations 
may occur, but that there is always a tendency to return to the normal. 
These plus and minus fluctuations may be induced by host influence 
or by environmental influence, but with an obligate parasite like P. 
graminis which can not be grown on a standardized medium but must 
be grown on living plants they are to be expected and the limits must 
be determined by extensive work. 
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Barley, which Freeman and Johnson (9) found to increase the range 
of parasitism of biologic forms has not been found to do this in the 
writers’ experience. Attempts to induce bridging by means of this 
form have been made continuously for almost four years, and during 
all of that time no evidence whatever has been obtained that this host 
is able to change biologic forms. It is true that barley, as well as a 
number of the grasses, serves as a meeting point for a number of biologic 
forms and theoretically it seems as though it ought to change their 
parasitic capabilities. It also appears as though, if all of the common 
biologic forms of P. graminis could be kept on barley for a long period 
of time, they ought eventually to become practically uniform. 

Although it is possible that rusts may change and new biologic forms 
•jjTiay develop, it seems more probable that the change is either a very 
gradual one, extending over long periods of time, or that they change 
by mutation. No evidence of mutation, however, was obtained in the 
present investigation. The difference may be one of evolution as com- 
pared with experimentally induced change. For practical purposes, 
however, it seems perfectly safe to say that no certain and marked 
changes in biologic forms need be expected as a result of growing on 
bridging hosts; nor does it seem probable that biologic forms are able 
to gradually adapt themselves to semicongenial hosts by constant 
association with those hosts. The writers unsuccessfully tried to get 
evidence of such adaptation. Hybridization may possibly account for 
some unexplained phenomena and deserves investigation. 

It still seems probable that rusts may change as a result of selecting 
strains from a given biologic form. While there is no positive evidence 
for this, it seems reasonable that biologic forms may be somewhat 
analogous to pure lines in genetics and that some forms may possibly be 
composite from which it is possible to isolate the component pure lines. 
This last supposition is theoretical only, and is prompted by a study of 
the avenae, pkleipratensis, and agrostis forms. These are similar para- 
sitically and the avenae form is variable morphologically, containing 
spores which after being isolated could be interpreted as being agrostis 
spores and others which might be determined as being pkleipratensis 
spores. It is possible, although the experiments do not support the 
idea strongly, that a number of pure lines might be isolated from the 
avenae strain if extensive attempts were made. 

Recently evidence has accumulated which seems to show that some of 
the apparent bridging obtained by previous investigators may have 
been due to the fact that several very closely related biologic forms may 
have been used in the experiments. The discovery of the differential 
hosts for these biologic forms is largely a matter of accident and the 
writers are of the opinion that all existing forms of P. graminis have not 
yet been discovered. The fact that »veral distinct biologic forms which 
attack various wheats are now known, is especially suggestive. A few 
varieties of wheat are differential hosts for these forms. Other closely 
rAlotfrl mav pxist and imless the investigator is lucky in stumbling 
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onto them, all sorts of puzzling results may be obtained and erroneous 
conclusions may be drawn. 

Biologic forms must have originated in some way and the forces which 
induced their origin may still be operative but it seems probable that 
these forces operate so slowly that they do not affect the practical prob- 
lems of controlling rusts of economic importance. It is highly important, 
however, that the geographic distribution of biologic forms be ascer- 
tained and their relation to the varieties grown or bred for those regions 
be intensively studied. When this has been done many of the appar- 
ently strange and inexplicable phenomena of rapid change in rust resist- 
ance will undoubtedly be explained. 

SUMMARY 

(1) Barberry does not increase the host range of biologic forms; nor 
docs it act as a reinvigorator of the rust. The biologic specialization in 
the aecial stage is apparently the same as that in the uredinial stage. 

(2) Differential hosts must be used to isolate biologic forms from 
mixtures before conclusive experiments can be made with bridging hosts. 

(3) In experiments with a small number of biologic forms and extend- 
ing over a short period of time there is danger of erroneously concluding 
that bridging has occurred. 

(4) Many hosts equally susceptible to P. graminis secaiis and P. 
graminis Irilki were used as bridging hosts in attempts to change the 
parasitism of the two forms. Barley, various species of Elynius, Agro- 
pyron, Hordeum, and Bromus were used most. 

(5) Puccinia graminis secaiis, which does not attack wheat, but does 
infect barley readily was cultured on barley and other theoretical bridg- 
ing hosts continuously for three years during which time more than 
2,000 wheat plants were inoculated. The rust acquired no new parasitic 
capability on account of its association with barley. 

(6) Puccinia graminis triiici attacks wheat readily, but can attack rye 
only weakly. Barley is easily attacked. The rust was confined to 
barley for about 32 months but it never acquired the power of attacking 
rye more readily than rust taken directly from wheat. 

(7) Several species of Elymus, Agropyron, Hordeum, and Bromus 
were used as bridging hosts for both the secaiis and triiici forms; but no 
bridging resulted. 

(8) Attempts to change the parasitism of P. graminis acenae by means 
of bridging hosts were also unsucceastul. 

(9) The taxonomic relationship theory of bridging was tried. If plant 
C can not be attacked by the rust from a taxonomically distant host plant 
A, it can not be attacked after the rust has been grown on a form B inter- 
mediate taxonomically between A and C 

(10) No one so-called bridging host nor any combination of such hosts 
enabled any biologic form tried to infect naturally immune plants nor to 
infect a highly resistant plant more readily. 
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(11) Many attempts were made to increase the virulence of biologic 
forms on resistant hosts by successive transfers to these hosts. P. gy^. 
minis triciti, P. graminis avenae, P. graminis phleipratensis, and P. gy^. 
minis agrosUs were used. The results indicated that rust forms do not 
gradually adapt themselves to resistant or semicongenial hosts. 

(12) Biologic forms seem to be roughly analogous to pure lines. Plus 
and minus flucutations may occur, but there is always a tendency to re- 
turn to normal. 

(13) It is possible but not demonstrated that some biologic forms may 
be mixtures from which “pure lines ” can be isolated. P. graminis avenae 
is a possibility. 

(14) The facts given in this paper do not support the conclusions of 
previous workers that the pathogenicity of biologic forms is easily 
changed by host influence. 

(15) From the practical standpoint the constancy of biologic forms is 
of great importance. Breeding for rust resistance can proceed with con- 
siderable assurance that the same rust will not adapt itself quickly to new 
varieties. 

(16) Biologic forms may have arisen either by mutations or by gradual 
process of evolution. These processes may be operative yet, but the 
writers have not been able to detect any mutation nor to induce percepti- 
ble evolutionary changes experimentally. The possible r 61 e of hybridiza- 
tion will be investigated. 

l.TTKRATURlv CITED 

(1) Arthur, J. C. 

1910. CULTURES OP UREDINEAE IN 1909. In Mycologia, V. 2, no. 5, p. srj-s^o. 

(2) Biffen, R. H. 

1912. STUDIES IN THE INHERITANCE OF DISEASE RESISTANCE. II. In JOUT, 
Agr. Sci., V. 4, pt. 4, p. 421-429. 

(3) Bolley, H. L., and Pritchard, F. J. 

1906. RUST problems: pacts, observations and theories; possible means 
OPCONTROL. N. Dak. Agr. Exp. Sta. Bui. 68, p. 607-672, 3ofig. 

(4) Dietel, P. W. 

1887. BElTRAGE ZUR MORPIIOLOGIE UND BIOLOGIE DER UREDINEEN. In Bot. 
CentbL, Bd. 32, No. 2, p. 54-56; No. 3, p. 84-91; No. 4, p. 118-121; No. 
5, p. 152-156: No. 6, p. 182-186; No. 7, p. 217-220; No. 8, p. 246-250, 
pi. I, 

(5) Eriksson, Jakob. 

1894. UBER dir speciausirung des parasitismus bei den getreidsrostpil- 
ZEN. /«Ber. Deut. Bot.Ccsell., Bd. 12, Heftg, p. 292-331. Litteratur- 
Verzeichniss, p. 330-331. 

( 6 ) — 

1902 . UEBER die SPEZIALIZIERUNG des GETRBIDESCHWARZROSTES IN SCHWEUEN 
UND IN ANDEREN LANDERN. In CcTitbl. Bakt. [etc.], Abt. 2, lid. 9 ’ 
No. 16, p. 590-607 ; No. i7/t8, p. 654-658. 

(7) Evans, I. B. Pole. 

1911. SOUTH AFRICAN CEREAL RUSTS, WITH OBSERVATIONS ON THE PROBLEM 05 

BREEDING RUST-RESISTANT WHEATS. In JoUT. Agf. Sci., V. 4 i 
p. 95-104. Bibliography, p. 104. 



Oct. >8. Plasticity of Biologic Forms of Pttccinia graminis 249 


^8) FRefiJtAN, E- M. 

1903. EXPERIMENTS ON THE BROWN RUST OP BROMES (PUCONIA DISPEHSA). In 
Ann. Bot., v. 16, no. 63, p. 487-494. 

— and Johnson, E. C. 

19II. THE RUSTS OP GRAINS IN THE UNITED STATES. U. S, Dept. Agr. BuT. 
Plant Indus. Bui. 216, 87 p., 2 fig., ipl. Bibliography, p. 7^82. 

(10) JACZBWSKI, A. VON. 

1910. STUDIEN t^BER DAS VERHALTEN DES SCIIWARZROSTES DES GETREIDES IN 
RUSSLAND. In Ztschr. Pflanzenkrank. , Bd. 20, Heft 6 , p. 321-359, 

8 fig. 

(11) Johnson, E. C. 

191 1. TIMOTHY RUST IN THE UNITED STATES. U. S. Dept. Agr. BuT. Plant Indus. 
Bui. 224, 20 p. 

(u) Laurent, E. 

1903. DE l'aCTION interne DU SULPATE DE CUIVRE DANS LA RESISTANCE DE LA 
POMME DE TERRE AU PHYTOPHTHORA INFESTANS. In Compt. Rend. 

Acad.Sci. [Paris], t. 135.no. 23, p. 1040-1042. 

(13} Magnus, P. W. 

1894. DIE SYSTEMATISCHE UNTERSCIlElDUNG NACIIST VBRWANDTER PARASI* 
TiSCHER PILZE. In Hedwigia, Bd. 33, Heft 6, p. 362-366. 

(14) Marchai.. E. 

1902. DE L ’immunisation DE LA LAITUE CONTRB LE MEUNIBR. In Compt. 

Rend. Acad. Sci. [Paris], t. 135, no. 23, p. 1067-1068. 

(is) Ray, Julien 

1903. Studs biolooique sur le parasitisme: ustilago maydis. In Compt. 

Rend. Acad. Sci. [Paris], t. 136, no. 9, p. 567-570. 

(16) Salmon, E. S. 

190J. ON specialization OP PARASmSM IN THE ERYSIPHACBAE. /n Beih. Bot. 
Centbl., Bd. 14, Heft 3, p. 261-315, 6 fig., pi. 18. Bibliography, p. 292. 

(17} 

1904. ON ERYSIPHE GRAMINIS D. C. AND ITS ADAPTIVE PARASITISM WITHIN 

THE GENUS BROMUS. In Ann. Mycol., V. 2, no. 3, p. 255-267: no. 4, 
p. 307-343. Bibliography, p. 266-267. 

(18) Stakman, E. C. 

1914. A STUDY IN CEREAL RUSTS: PHYSIOLOGICAL RACES, Minn. Agr. Exp. 

Sta. Bui. 138, 56 p., 9 pi. Bibliography, p. 50-54. 

(19) and Jensen, Louise 

1915. INFECTION EXPERIMENTS WITH TIMOTHY RUST. In JouT. Agr. Research, 

V. 5, no. 5, p. 211-216. Literature cited, p. 216. 

(20) and PiEMEisEL, F. J. 

1916. BIOLOGIC FORMS OP PUCaNlA GRAMINIS ON WILD GRASSES AND CEREALS. 

A preliminary report. (Abstract.) In Phytopathology, v. 6, no. i, 
p. 99-100. 

(11) 

1917. BIOLOGIC FORMS OF PUCCINIA GRAMINIS ON CEREALS AND GRASSES. In 

Joiir. Agr. Research, v. 10, no. 9, p. 429-495, pi. 53-59. Literature 
cited, p. 493 ' 495 - 
(22) Ward, H. M. 

1901. THE BROMES AND THEIR RUST-FUNGUS (PUCCINLA DISPERSA). In Ann. 
Bot., V. 15, no. 59, p. 560-562. 

(“ 3 ) 

1903. FURTHER OBSERVATIONS ON THE BROWN RUST OP THE BROMES, PUCCINIA 
DISPERSA (ERIKSS.) AND ITS AD.\PTIVE PARASHISM. In Ann. Mycol., 
V. no. 2, p. 132-151. Bibliography, p. 151. 



PLATE T7 

A, B. — P\tecinia graminis iriUci from Hordeum jubahtrn (Moorhead, Miim.) on rye 
after having prevlou^y spent a urediniospore generations on rye, 4 on barley, 1 os 
rye, 3 on wheat, and 5 mcwe on barley. Twenty-one out of thirty-two blades inocu- 
lated became infected; the uredinia produced were very small and surrounded by 
hypersensitive areas. 

C.^Puccinia graminis tritici from Horisum jubatum, originally from Moorhead. 
Minn., but with subsequent history' of Rj— B*— Rj— Wj— -B#-— Ri. {See fig. A.): 
Normal infection on wheat. 
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PLATE r8 

K.—Pwcinic graminis triiici from Hordeum juhatum, originally from Moorhead, 
Minn., but with subsequent history of Rj— R,— W,— B,— R,: Small wedinia 
and sharp flecks on rye. 

B, C.—P-Mcinia graminis tritici on wheat. Normal development of urediaia pro* 
duwd by inoculating with urediniospofes of the following life history: B. P. graminis 
iritici (St. Paul, Minn.) Bi^—Agropyron ienerumy—A. repens,— A. repcnsi. 
C. P. ^ramtntf tritici{St. Paul, Minn.) B31 — Agropyron tenerim^ — A. repens^ — Wj — A, 
Unerun^. 




experiments in field technic in plot tests ‘ 

By A. c. Arny, Head of Section of Farm Crops, and H. K, Hayes, Head of Section of 

Plant Breeding, Division of Agronomy and Farm Management, Department of Agri~ 

cuUnre of the University of Minnesota ^ 

INTRODUCTION 

In summarizing the replies to a circular letter sent out to Experiment 
Stations in the United States and in Canada, one is impressed with the 
wide variations in the size and shape of the plots and in the width of 
alley between plots in variety, cultural, rotation, and fertility work. 
The general size of plots varies from 1^ to acre and in shape from 
3 to 33 feet wide and 36 to 272.25 feet long. The width of alley between 
plots varies from none to 8 feet. Twenty-two Stations report the 
removal of end borders from plots, and nine report no alleys, with grain 
removed to form pathway or the removal of one side border drill row 
from either side of each plot. 

This lack of uniformity in experimental technic in plot tests, particu- 
larly with regard to alley effect, which involves shape and size of plot, 
raises several questions, among which are the following : 

(1) How far within plots is alley effect operative? 

(2) WTiat is the ipcreasc in yield due to alley effect? 

(3) In plots surrounded by alleys, is the effect of the additional space 
the same on all varieties? 

Data obtained at University Farm in 1917 from which to determine 
the most desirable methods in plot variety testing and cultural trials 
form the basis of this paper. Although the results are for one season 
only, they appear to be sufficiently conclusive to warrant their publica- 
tion. It is hoped that similar work may be done elsewhere, and the 
collected data serve as a basis for the adoption of more uniform methods 
in plot tests. 

REVIEW OF LITERATURE 

Montgomery (d)* suggests two methods of obrdating competition 
between the larger and more rapidly growing varieties of wheat and oats 
grown in 8- and lo-inch rows — namely, to plant only similar varieties 
in adjacent rows and the use of block plots. The possible effect on the 

* Pul,li5hed, with the approval ol the Director, as Paper rra of the Journal Series ol the Minnesota Asri- 
cultural Experiment Station. 

* The autiiors wish to acknowledse their appreciation of the assistance given by Mr. R. J. Garber, Assist- 
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yields of different varieties when grown in plots surrounded by alleys is 
not considered. Shape seemed to be of little importance in plots not 
surrounded by alleys. 

Barber (j) noted that plants in the borders of plots surrounded by 
alleys were more thrifty as indicated by a greater number of culms per 
plant, a longer period of growth and a higher yield of grain. Yields 
obtained at the Maine Agricultural Experiment Station for individual 
oat plants utilizing 36 square inches of space as compared with others 
occupying 6 square inches showed that the former yielded four times as 
much grain as the latter. Additional evidence of the increased yield oi 
plants with greater space for development is quoted from Wacker (10). 

Based on the investigations of Ten Eyck (9) and Rotmistrov (J), 
Barber (/) makes the estimate that plants growing in an area 6 inches 
wide within the borders of plots receive benefit from the adjacent allej-s. 
Tables are given showing that the nearer a plot is to the form of a square, 
the lower is the percentage a 6-inch strip around the border of a plot to 
its total area. From this it is concluded that(i) shape as well as size of 
plot must be considered in variety tests, and (2) that, square plots give 
more accurate results in variety testing than rectangular plots of the 
same size. 

Mercer and Hall (5) conclude that, based on data secured from plots 
removed from large fields and therefore not surrounded by alleys, there 
is practically no difference in the variability of yields obtained from 
oblong and square plots of the same size. 

Jardine (2, 3} mentions that the practice of removing the outer drill 
rows of field plots to eliminate alley effect is followed by the Kansas 
Experiment Station. 

Love and Craig (4) show that the same varieties of wheat and oats 
average 36.51 per cent higher in yield when grown in plots acre in 
size as compared with the yields in rod rows from which the end borders 
have been removed before harvesting. The shape of the plots is not 
given. Differences in stands under the two systems are mentioned. 

material and methods of experimentation 

In the final variety tests of oats, wheat, and barley conducted on 
University Farm in 1917, each variety was replicated three times, thus 
making four plots of each. The plots were 8.5 by 132 feet with i6-loot 
roadways seeded to grass between each two series and 18-inch alleys 
between each two plots. The 18-inch alleys represented areas not 
included within the margins of the adjacent plots. Of each variety, then, 
fhere were available for the determination of alley effect four plots made 
up of seventeen 6-inch drill rows and 1/38.82 (approximately A) of “ 
acre in size. Eleven varieties of oats, five varieties of wheat, and font 
varieties of barley were included in the tests. 
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In the spring the plots were sown the full width of the series, which 
is usually 134 feet. In order to facilitate the removal of end borders 
accurately at harvest time, shortly after seeding in the spring, two galva- 
nized-iron wires were stretched exactly 132 feet apart across the ends 
of the plots. The distance between the wires was checked every fifth 
plot along the series and the wires anchored securely. A few' days before 
harvest time the gnun on the ends of all the plots outside of the lines 
marked by the two wires was cut and discarded. 

At harvest time the drill row next to the alle^ on either side of each 
plot was removed by hand, bound and tagged separately. These are 
referred to as outside border rows. The second drill rows on either side 
of each plot were next removed by hand and bound and tagged separately. 
These are referred to as inside border rows. The 13 remaining 6-inch 
drill rows were then harvested with the self-binder. In harvesting the 
central 13 rows with the binder there probably rvas somewhat more 
shattering of the grain than occurred in harvesting the border rows by 
hand. 

The sizes of thj different areas from which yields were determined are 
summarized for convenience. 


Number ct ^ioch drill rows. 

Dimeosioas of areas 

Part of an acre, 



1/660 

1/50- 77 







1/38, 83 




The grain from the portions of the plots which were han'ested sepa- 
rately were threshed with a small machine and the yields of each com- 
puted. The number of pounds of grain threshed from the central r‘3 
rotvs and from the two inside border rows of each plot were then added, 
and from this the yields of the plots with one border row' removed from 
either side of each plot were computed. The number of pounds tlireshed 
from all parts of each plot were then totaled, and the yields for the plots 
with no border rows computed. 

DISTANCE WITHIN PLOTS AT WHICH PLANTS ARE SUBJECT TO 
BORDER EFFECT 

For the purpose of determining the distance within plots affected by 
adjacent alleys, the yields of the outside border rows, the inside border 
rows, and the average of the central 13 rows of four plots of each variety 
of oats, wheat, and barley are avmlable. These yields are summarized 
in Table I. 
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Table I . — Average yield, in bushels per acre, of oats, wheat, and barley harvested from 
border drill rous spaced 6 inches apart removed from either side of plots 8 .S by 1/2 feet 
and from the central 73 rows remaining after the removal of the border tows 



Oats. j 

Wheat. ' 

Bvley. 

ScKiTce. 

Number 
ci rows or 
plots. 

1 

Yield per 1 
acre. 

Ntanber 
of rows or 
plots. 

1 

Yield per 
acre. 

1 

Niunber 
of rows or 
plots. 

Yield per 

iCTe. 

Outside border rows 

• 8S 

Butielt. 
131- 97 

40 

Bushels. 

SS-OQ 

32 

97' 73 

Inside border rows 

88 

* 7.95 

40 

4a 98 

32 

Central 13 rows 

44 

7 *- 37 

20 ! 

27 - 45 ' 

16 

42 . 8 ) 


The actual yield of the outside border rows is for oats 83.5 percent 
for wheat 1004 per cent, and for barley 123.3 per cent greater than the 
average for the central 13 rows for the same varieties. For the three 
crops represented, the outside border rows yielded 102. i per cait higher 
than the average for the central 13 rows of the same varieties. 

For oats, the inside border rows averaged 23.23 per cent, for barley 
50.36 per cent, and for wheat 49.29 per cent higher in yield than the 
average for tlie central 1 3 rows. For the three crops there was an average 
increase of 41 per cent in the yitld of the inside border rows as compared 
with the average of the central 13 rows of the same plots. The outside 
and inside border rows on either side of each plot, together averaged 143.1 
per cent higher in yield than the average of the central 13 rows in the same 
plots. Thus, plants growing in the two outside and two inside border 
rows on either side of each i8*inch alley, kept reasonably free from weeds, 
appear to have utilized this area in addition to the space allotted to them 
within the plots nearly as well as though it had been regularly occupied 
by three drill rows of plants. This suggests that, within certain limits, 
width of drill row is a negligible factor in seeding as long as other condi- 
tions are uniform. The possible effect of the alleys on the plants farther 
than 12 inches within the margins of the plots was not determined, but 
further work is in progress with this object in view. 

The plants in the outside border rows particularly were still somewhat 
green when those in the interior rows were mature. The oat and barley 
varieties ■were harvested as soon as the plants in the interior of the plots 
were mature. By the time the wheat plots could be harvested the plants 
in the border rows appeared as mature as those in the central rows. The 
weights per bushel of the oats and barley from the central 13 rows aver- 
aged 31.60 and 40.60 pounds, respectively, as compared with 30.08 and 
39.50 pounds for that from the outside border rows. There was prac- 
tically no difference in the average weights per bushel of the oats and 
barley from the inside border rows as compared with that from the central 
13 rows. No differences in weight per bushel were found in the wheat 
harvested from the three areas of the plots. 
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The results for oats, wheat, and barley indicate that in plots sur- 
rounded by alleys the effect of the additional space extends to the plants 
occupying areas 12 inches within the margins of the plots and possibly 
farther. The higher yield of the plants in the outside border rows appears 
to be due to better nutrition, as is indicated by later maturity. 

extent of increase in the yi eld of plots due to alley effect 

From the foregoing it is obvious that the extent of the increase in the 
yields of plots surrounded by alleys depends upon the relative propor- 
tion of the area of the border strip occupied by plants subject to the effect 
of the additional space to the total area of the plot. In Table 1 1 are sum- 
marized the percentages (i) of the total areas of plots of different sizes 
but of the same shape and (2) of plots of the same size, but varying in 
shape contained in borders 13 inches wide (a) on two sides of plots only 
and (b) on the ends and sides of plots. 

Table II . — Relation 0/ o l-foot border udiliin a plot h tU total area 


Approximate sire irf 
plot (fraction of acre). 

Dimensions of 
plot in feet. 

1 

1 

! Approoti- 
j mate shape 
of plot. 

Area of 
plot. 

Area** 

of 

border. 

I fCKJC 

wide 
on sides 
of 

plots 

only. 

j Percent- 
1 age of 
total area 
of plot in 
border, 
t foot 
wide on 
sides of 
plot only. 

Area 

of 

borders 
1 foot 
wide 
on ends 
and 
sides 
of 

plots. 

Percent- 
age of 
total area 
of plot in 
border, 
t foot 
wide oa 
ends aod 
sides of 
plot. 


■ Feel. 



So. ft. 



1 

!/440 

3X33 

i; II 

99.0 

64 

64. 6s 

68 

68. 69 

1/330 

3X66 

1:23 

19ft. 0 

130 

65. 66 

234 

67.68 

1/220 

iiX 33 

1:5-5 

198. 0 

64 

32-32 

74 

37 - 37 

l/lio 

3X132 

1:44 

396.0 

262 

66. 16 

266 

67. 17 

l/lio 

6X66 

1:11 

396.0 

130 

34. S3 

140 

35 - 35 

l/lio 

' 4 X 33 

1:2- 75 

396.0 

64 

16. 16 

86 

21. 7*2 

'/S5 , 

44X33 

^• 1*375 

793.0 

64 

8.08 i 

no 

13. 89 

I/I60 

8- 5X33 

1:4 

280.5 

64 

22. 82 



:/8o 

8.5X66 

i;8 

561.0 

130 

23-27 

245 

45- 85 

1/80 

' 7 - 0X33 

1:2 

561. 0 

64 

II. 41 

q6 

17. II 

‘/40 

8. 5X132 

1:16 

1, 122. 0 , 

262 

18. 89 

277 


1/40 

17X66 ; 

1:4 

I, 132. 0 

130 

12- 59 

162 

14, 44 

r/40 

34X33 

i:i 

1, 122. 0 

64 

5- 70 

230 

22- 59 

1/20. 

17X132 

1:8 

3, 244. 0 

262 

II. 68 

295 

23- 15 

1/20 

34X66 

1:2 

2, 244, 0 

130 

5- 79 

196 

8- 73 

i/io 

34X132 

1:4 

4, 48S. 0 ! 

262 

5.84 

328 

7-31 


68X66 


4,488. 0 

TpO 

2. 90 

264 

5-S8 


I In COTputingthe area of a strip ir mches oa the sides of a plotonlv. 2 square feet, which belong to the 
ena borders, tnust be deducted from the total area to the two sides strips. 


An examination of the percentages given in Table II shows that the 
relation of the areas affected by the additional space afforded by alley’s 
to the total area of plots is dependent upon both the shape and the size 
of the plots. 



256 


Journal of Agricultural Research 


Vol.XV.No,, 


Hots and acre in size and each having a width to length ratios 
of I to II have in ends and sides 68.69 and 35.35 per cent, respectively 
and in the sides only 64.65 and 32.83 per cent, respectively, of their total 
area in a 12-inch strip within their margins. Likewise, plots ^ acre in 
size with a ratio of i to 4 for width to length have only approximately 
half as great areas in i2-inch strips within their margins as those acie 
in size and of the same shape. 

Increased size then in plots of the same shape reduces the area exposed 
to alley efiect. Increase in size of plots where shapes are widely different 
may not bring about a reduction of the area in the marginal strip exposed 
to alley effect. As an example of this, plots ^ acre in size and 24 bv 
33 feet compared rvith those acre in size and 17 by 66 feet have, re- 
spectively, 13.89 and 14.44 por cent of their total area in a 12-inch mar- 
ginal strip. 

As shown in Table II, plots acre in size but having width to length 
ratios of I to 22 and i to 3.5 have 67.68 and 37.37 per cent, respectively, 
of their total area in 12-inch marginal strips. Plots acre in size with 
the width to length ratios of i to 16 and i to i (approximate) have 24,69 
and 1 1 .59 per cent, respectively, of their areas in 1 2-inch marginal strips. 
The nearer plots approach the form of a square, the lower the percentage 
of their total area is exposed to border effect (r). 

A consideration of the percentages given in Table II brings out the 
fact that yields from the same varieties or treatments obtained under 
like conditions, but from different-sized plots, surrounded by alleys are 
not comparable. 

If end and side border effect are similar, it should also be noted in 
this connection that the removal of end borders only from plots of 
several different sizes surrounded by alleys may render yields from them 
still less comparable. A single example using the data included in 
Table II for plots acre in size, but the width to length approxi- 
mately I to 16 and I to 1, respectively, will suffice to make this 
point clear. With no borders removed the percentage of a 12-inch 
strip within the margins of the plots to the total area of each are 24.O9 
and 11.59, und with end borders removed, 18.89 ^t^d 5.70, respectively. 
With no borders removed the percentage of the plots 8.5 by 132 feet 
exposed to alley effect is appro.ximately twice as great as for those 34 
by 32 feet. When the end borders are removed, these percentages are 
18.89 and 5.70, respectively, the one being approximately three times 
as great as the other. 

In Table III are given the yields of oats, wheat, and barley grown in 
plots of the same length, but varying in width. The yields for each 
crop from the y-J^f-acre plots are considerably higher than those from 
the 4^-acre plots and the yields from the 4'5-acre plots are somewhat 
higher than those from the plots. 
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TABLE ni. — Average yields of Li^ovoa oats {Minnesota 28 t); Haynes Bluestem. wheat 
^ {^Minnesota l6g), and Manchuria barley {Minnesota 10 $), grown in plots of the same 
length, but varying in width and border rows removed 


Number of 
plots. 

Approximate 
size frf plots 
(fraction of 
acre). 

Dimensions of 
plots. 

f Crop yield (bushels per acre). 

Oats. 

Wheat. 

Barley. 


l/lIQ 

1/40 

l/io 

Feet. 

3X132 

8.5X132 

34X132 

101. eS 

83. 70 
79- 59 

42. 49 
27. 42 
26. 92 

54- 50 
40. 70 


'1'' 




From the data givea it is evident that shape as well as size of plot is 
of prime importance in considering increases in the yields of crops grown 
in plots surrounded by alleys. The larger the plots, provided the ratio 
of width to length remain approximately the same, and the nearer they 
approach the form of a square the smaller the percentage of total area 
exposed to alley effect and the less the increase in yield due to this cause. 

However, comparatively long and narrow plots can be more easily 
sown with farm drills and harvested with binders than square plots of 
the same size. The removal of a sufScient number of border rows from 
the margins of long, narrow plots to obviate alley effect would appear to 
be the proper procedure. Leaving no alleys between plots at seeding 
time and removing a sullicient number of rows from each variety after 
full heading to provide a pathway of the desired width would accom- 
plish similar results. 

In Table IV are summarized the average yields, in bushels per acre, 
together with the standard deviations for four jtjt-acre plots (ap- 
proximate) of each of 1 1 varieties of oats, 5 varieties of wheat, and 4 
varieties of barley (a) with no border rows removed, (b) with one border 
row on either side of each plot removed, and (c) with two border rows 
on either side of each plot removed. The yields included in this table are 
for only one season and are not intended as a variety test report. They 
are used only in so far as they supply data for the consideration of border 
effect in variety trials for one season. Comparing the average yields 
from the four plots of each variety, it is significant that in 

each instance the yields with no border rows removed are the highest, 
with one border row removed the next highest, and with two border 
rows removed, the lowest. Considering the average yields for all varie- 
ties, the oats, with no border rows removed, yielded 9.14 bushels; the 
wheat, 5.28 bushels; and the barley, 8.48 bushels per acre more than 
where two border rows were removed from either side of each plot. When 
only one border row was removed from either side of each plot, the oat 
varieties yielded 2.20 bushels, the wheat 1.99 bushels, and the barley 
2.86 bushels higher than when two border rows were removed. 
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Tabis n'-Camfian^Bn of average is iuskekier acre, for /oar ane-firlmi 

Ms taptroximate rise) viilh no border raws removed, mji one border rm removed 
either side of each plot, and with turn border rows removed from ather sate of each phtj„ 
II varieties of oais, / varieties of wheat, and 4 varieties of barley 




No border rows 
imnoved. 

Cue border row 
removed. 

Two border rows 
removed. 

Crop aad variety. 

Descriptive 
note (time oi 
maturity 
or type). 

Yield (bushels 
per acre}. 

.si 

s 

Standard devi- 
ation. 

Yield (bushels 
per acre). 

d 

Standard devi- 
ation. 

Yield (bushels 
per acre). 

i 

Standard devl- 

OATS. 





88.90 


4- Soil. IS 

88-57 

1 

3- SO±^83 
«• 23*0-57 
3- 26*0.76 

Minota"* .......... 

Silver mine 

Medium early. 
Medium 

87.11 
85- 68 

t 

2.47*0. 59 
3.45*0.82 
5.89*1.40 

77-00 

7S.00 

3 

I- 54*0. .37 
2.91*0. 69 

77. 06 
75- 64 
72.82 

2 

3 



80.71 
80. 53 





70.01 



O.A.C. 7J 

Medium 

6 

2- 17*0- 52 

73-87 

6 

2. 38*0,57 

71-99 

75-66 

6 

4 

2.77±o.5G 

Swedish Select 

Medium. 

75.80 

73.40 

70.97 

70-40 

8 

4.51*1.08 

69.23 

8 

3. 46*0. 63 

66.55 
65. 10 

8 

3- 84*6. ijj 








62- so 

II 

J..';9±o,38 

5-34*6.2; 

O.A. C.3...: 

Early 

11 

4- 64*1.11 

65.90 

10 

4- 89*1. 17 

64. 33 

10 

Average 


80- $i 


3 82* 

73- 57 


3- 42* 

71-37 


3.47* 

WHEAT. 


37. 30 

36- 49 
30. 82 
29.59 
28.44 





• 65*0.15 


3 

.32*6.67 




2. 78*0. 

3. 55*0.85 





3 







j- Toio- 86 













Acme 

Durum 

5 

3-59*0. 86 

2& 20 

5 

3- 09*0- 74 

24. 39 

5 

3-01*0, 72 

Average 


3** 53 


2.64* 

29- 24 


2- 46* 

27.25 


2.09* 

BAELBY. 













63.99 







2 










l 

x.3i*e.3l 

Manchuria X Man 


51.85 

47-7* 





■ 69*0. 16 

42.81 


. 14*0.03 

Maut'liuria X Mao 
eburia 

Six-row 

4 

.44*0. II 

41-64 

4 

.23*6. 05 

38.4s 

4 

. 66*0. 16 

Average. . . . 


5J-37 


l.os± 

i 45. 75 


] -84* 

42-89 


.8:* 


o Miaota is a selection made at the Miouesota Experiment Station. 


As shown in Table IV, the average standard deviations for the yields of 
the different varieties of oats, wheat, and barley in the tests with no border 
rows removed are somewhat greater in each instance than those for the 
tests with two border rows removed. This suggests the possibility that 
the probable error for a single determination of yields secured from a 
single variety grown in plots of a given size may in some instances be 
greater than the probable error of yields of the same plots after the re- 
moval of marginal areas 12 inches in width. 

From the data submitted it seems fair to conclude that the extent 
of the increase in yield of wheat, oats, and barley grown in plots sur- 
rounded by alleys depends upon the size and shape of the plots and that 
the removal of the plaits occupying an area at least 12 inches wide 
within the margins of plots removes alley effect and makes yields more 
nearly comparable. 
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ALL VARIETIES AFFECTED ALIKE BY SURROUNDING ALLEYS ? 

If when grown in plots surrounded by alleys, the yields of all varieties 
or of all cultural or fertilizer treatments are increased approximately alike, 
then, so far as the comparative results of the different varieties in any 
single test are concerned, the inclusion of the border rows of plots at har- 
vest is not objectionable except in so far as has been noted. An opinion 
regarding this has been expressed by Barber (r, p. 82), as follows: 

All in all, as long as conditions are similar for all varieties of grain in trial in a field of 
uniform soil, the results of plot tests -will show tlie relative yields of the varieties. 

Referring again to Table IV, it will be noted that in the column headed 
“No border rows removed'' the varieties of oats, wheat, and barley are 
eacli listed in order of yield, in bushels per acre, for that method of test. 
Do the varieties maintain approximately the same relation with regards 
to yields when one and two border rows, respectively, are removed from 
either side of each plot? 

An inspection of the rank of the different varieties, when one and two 
border rows, respectively, have been removed from either side of each plot 
shows some changes. If these changes in rank, due to the removal of 
border rows are fairly consistent throughout the 3- or 5-year period in 
tests conducted by the three methods, what effect will this have on the 
final interpretation of results? 

The standard deviation for 20 control oat plots is 3.24 ±0.35 bushels. 
On using this standard deviation in the formula 


Standard deviation X 0.6745 



in which n denotes the number of plots, to derive the probable error in 
bushels per acre for the yields obtained from plots replicated three times 
(four plots of each variety), the result is found to be 1.09 bushels (rr). 
A difference of 4.07 between two results is necessary for odds of 40 to i 
against such a difference in one direction only being due to normal 
variation (ii). Multiplying 4.07 by 1.09 bushels gives 4.44 bushels, 
which is the least difference between any two varieties, which is sigrufi- 
cant. This figure may be used in a broad way in considering the results 
for three methods of test. In the test with no border rows removed, 
Victory yielded 12.31 bushels more than any other variety. Since this 
difference is greater than 4.44 bushels. Victory oats may be considered the 
highest yielder under that method of test. Considering the other varie- 
ties in a similar way, Minota is not better than Silvermine, but is a higher 
yielder than Banner or any other variety in the trial yielding less than 
Banner. Silvermine is not better than Banner, but is superior to Lincoln 
or any other variety yielding less than Lincoln. Banner, Lincoln, 
0 . A. C. 72 and Iowa 103 are higher yielders than Swedish Select, Kherson, 
White Tartar, and 0 . A. C. 3. 
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The differences in yield per acre for the various oat varieties brought 
about by the removal of one border row do not necessitate any material 
changes in the rank of the varieties as discussed for the test made with- 
out the removal of border rows. 

By using 4.44 bushels as the least significant difference between any two 
varieties in the test of the oat varieties with two border rows removed 
Victory still maintains the lead, but with less margin than in the test 
with no border rows removed. Minota can not be considered a higher 
yielder than Silvennine, Iowa 103, or Banner, but is superior to 0 . A. C. 
72 and the other varieties lower than it in yield. 

In the test with two border rows removed the variety Iowa 103 shows 
up as very promising, while in the test with no border rows removed it is 
of indifferent value. 

The standard deviation for 20 control wheat plots is 2.45 ±0.26. By 
using the standard deviation in deriving the probable error in bushels per 
acre for the yields of the wheat varieties as for the oats it is found to be 
0.83 bushel. Multiplying 4.07 by 0.83 bushel gives 3.38 bushels as the 
least significant difference between any two varieties in the tests. 

By using the 3.38-bushel difference in considering the varieties in the 
test with no border rows removed, it is clear that Marquis and Preston 
are not significantly different in yield, but are superior to the other 
varieties in the test. The removal of one or two border rows does bring 
about any significent changes in tlie rank of the wheat varieties. 

The standard deviation for the 20 barley control plots is 2.53±o.27. 
On deriving the probable error for the barley tests in the same way as the 
oats, the result is found to be 0.86 bushel. Multiplying 4.07 by 0.86 
bushel gives 3.50 bushels as the least difference, between any two barley 
varieties in the tests which may be considered significant. 

In the test with no border rows removed the Manchuria cross, listed 
fourth, is significantly lower in yield than the three other varieties and 
retains that position in the tests with one and two border rows removed. 
The rank of Manchuria and Chevalier change in the test with one 
border row removed, 'but the difference between their yields is not 
significant. 

In the test of the barley varieties with two border rows removed, the 
Chevalier yielded 2.44 bushels more than the Manchuria and 3.52 bushels 
more than the better of the two Manchuria crosses. For this method of 
test, the Chevalier is not significantly higher in yield than the Manchuria, 
but may be considered superior to the Manchuria cross. It seems that 
the barley varieties grown in plots surrounded by alleys are not equally 
efficient in utilizing the additional space. 

The results indicate that, unless there is considerable fluctuation in the 
response of varieties to border effect when grown in plots surrounded 
by alleys, in a 3- or 5-year trial.superior types of oats and barley may 
not be given their true rank unless at lef^t two 6-inch drill rows within the 
margins of the plots are removed before harvest. 



oct.»8.i9i* ExpeYiTnents in Field Technic in Plot Tests 261 


SUMMARY 

(1) In plots made up of 6-inch drill rows of oats, wheat, and barley with 
iS-inch alleys between each two, the outside border rows yielded 83.5, 
100.4, and 123.3 pot cent, respectively, higher tlian the average from the 
central 13 rows. For oats, wheat, and barley the inside border rows 
(second drill rows within the margins of plots) yielded 23.23, 49.29, and 
50.36 per cent, respectively, higher than the averages for the central 13 
rows. Alley effect is operative over an area at least 12 inches wide 
within the margins of plots. 

(2) The extent of increase due to alleys varies with the percentage of 
total area in at least a 1 2-inch strip within the margin of the plots. 
This percentage is greater for small plots as compared with larger ones 
of approximately the same shape and for long, narrow plots as compared 
tvith those more nearly approaching the form of a square. 

(3) Plots 6 to 8 feet wide and 64 to 1 32 feet or more in length are more 
easily sown and harvested with the ordinary farm machinery than plots 
of the same size, but more nearly approaching the form of a square 
Removal of the plants occupying an area at least 12 inches in width in 
comparatively long, narrow plots apparently obviates the most serious 
objection to their use in variety test work. 

Oats, wheat, and barley, grown in plots 8.5 feet wide and 132 feet long 
after the end borders had been cut but with no side borders removed, 
yielded 9.14, 5.28, and 8.48 bushels more, respectively, than when two 
side border drill rows had been removed before harvest. With onlv one 
side border row removed from either side of each plot before harvest, the 
oat varieties yielded 2.20 bushels, the wheat t.99 bushels, and the barley 
2,86 bushels higher than when two drill rows had been removed. 

(4) In a test of oat varieties in plots with two border rows removed, the 
rank in yield was not the same as when no border rows were discarded. 
The performance of one variety was very satisfactory by the former 
and indifierent by the latter method of test. 

The indications are that the barley varieties grown in plots surrounded 
by alleys were not equally efficient in utilizing the additional adjacent 
space. 

The removal of one or two side border drill rows in the wheat varie- 
ties did not bring about any significant changes in rank. 

CONCLUSIONS 

In plots surrounded by alley-s plants occupying an area at least i foot 
within the margins are affected by the additional adjacent space. 

The indications are that, unless there is a considerable fluctuation in the 
response of varieties to border effect, when grown in plots surrounded by 
alleys, superior types may not be given their true rank in tests made in 
plots from which borders are not removed before harvest. 
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These results have led to the adoption of the plan of removing the 
plants from an area at least one foot wide within the margins of variety 
test plots at the central and substations in Minnesota. These borders are 
to be removed from the plots between the time of fully heading and 
harv^est. 
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